Background: Despite the increase in cancer incidence in the last years in Serbia, no nation-wide, population-based cancer epidemiology data have been reported. In this study cancer incidence and mortality rates for Serbia are presented using nation-wide data from two population-based cancer registries. These rates are additionally compared to European and global cancer epidemiology estimates. Finally, predictions on Serbian cancer incidence and mortality rates are provided.
Background
Cancer is the leading cause of mortality in the developed world and the second leading cause in the developing world [1] . However, systematic data collection in cancer epidemiology over the last 30 years has facilitated the assessment and control of the disease on a global level [2] [3] [4] . More recently, cancer reporting and monitoring projects, such as the GLOBOCAN 2008, have provided both regionand country-specific estimates of the burden of cancer [5] . Where country-specific data were not readily available, these projects would frequently estimate national incidence and mortality rates using incomplete or indirect evidence. Given the lack of complete data for Serbia, the estimates of incidence have been so far based on local cancer registries and extrapolated to the nation's population [5] .
The first cancer registries in Serbia were formed in 1970, but became obligatory practice after a change of legal acts in 1986 [6] . Since their formation, information was collected separately by the two cancer registries of Serbia: the Cancer Registry of Central Serbia (CRCS) [6] and the Cancer Registry of Vojvodina (CRV) [unpublished data -Miladinov-Mikov]. In the period from 1986 to 1998, quality of data collection from these two registries was rather poor, but, in 1998 they both became members of the International Agency for Research on Cancer and a new methodology has been applied which substantially improved data quality [6] . Although together these two registries monitor the whole Serbian population (excluding Kosovo and Metohija), they have never published cancer estimates on a national level. Consequently, epidemiological studies presented in the literature either relied on one of the registries, were focused on specific cancer sites, referred to estimates from earlier periods or only reported data for smaller time intervals [7] [8] [9] .
The aim of this work is to present nation-wide Serbian cancer incidence and mortality rates using populationbased data and to analyse them with respect to the global and European cancer incidence and mortality rates. Additionally, future predictions until the year 2014 on Serbian cancer incidence and mortality rates are also provided. According to the authors' knowledge, this is the first time that such nation-wide population-based cancer data are presented for Serbia. This study is expected to enable the evaluation of cancer burden on the society and help decision makers in planning oncological preventive and curative health care.
Methods

Data sources
Local incidence and mortality data were extracted from the CRV and the CRCS, for the period between 1999 and 2009 [unpublished data -Miladinov-Mikov, 6]. Information on incidence and mortality were provided by the registries in age-stratified format in five-year age groups. Validity of the collected data was assessed through the percentage of microscopically (histologically) verified cancers (MV%) and the percentage of cancers certified only after death (DCO%) [10] ; completeness was assessed through the mortality/incidence ratio (M/I) [11] (Table 1) . Malignant tumours were coded according to the Tenth Revision of International Classification of Diseases (codes C00-C96) [12] . Demographical data were collected from the census in 2002 and estimates of the Statistical Office of the Republic of Serbia, for all other years of the study period [13] .
In order to standardise the incidence and mortality rates to the world population (age-standardised rates on world population -ASR-W), the following procedure was applied for the ten most common cancer sites in each year. Firstly, we aggregated all new cases/deaths from the two registries per age group. Secondly, we divided these with the age-stratified population estimates for every year, thus calculating the age-specific incidence and mortality rates. Finally, direct standardisation with the world population was performed as defined by Segi et al. [14] and incidence and mortality ASR-Ws were obtained for the whole of Serbia.
Predictions and trends
Next to descriptive information on cancer epidemiology, we aimed to provide predictions of cancer incidence and mortality. Since the quality of registration of new cases has been gradually improving through time, as also shown in Table 1 , incidence rates reported in the earlier years (1999) (2000) might be less useful for explaining the present and predicting future rates. For this reason, we utilized a prediction method which selectively chooses the most informative sample period, in order to predict incidence/mortality ASR-Ws for the years between 2010 and 2014 [15] . In particular, we used two different regression models: (i) one assuming a linear, age-specific change of incidence/mortality rate over time and (ii) one assuming a linear, age-specific relation between time and the logarithm of incidence/mortality ASR-Ws [15] . These models were used to predict the incidence/mortality rate for a target year, decided to be the latest year of the study period (2009). The former model focuses on the absolute change of incidence or mortality rate while the latter focuses on the proportional change of the rate. Hence, interpretation of the regression parameters should be done cautiously for each model.
In order to identify the most informative sample period for this prediction, we applied both models using information on incidence/mortality from the last four years before 2009 (i.e.2005:2008) and gradually added previous years one by one, up until 2001. This procedure resulted in 2×5 prediction models for age-specific incidence and mortality accordingly. The choice of the appropriate model was then based on the calculated standardized incidence and mortality ratios of the recorded versus the predicted number of total cancer cases or deaths for the target year (2009). The implicit assumption in this method is that the model that makes the best prediction for the most recent available year will also make the best prediction for the future years. After the best fitting model was chosen, predictions for the years 2010-2014 were made. The same model was also used for the estimation of the trend of increase or decrease in the incidence/mortality ASR-Ws through time. All computation within the analysis was conducted using the statistical software R (v.2.13.2) [16] .
Comparison with the GLOBOCAN 2008 data
Contrasting the incidence and mortality of cancer in Serbia with that in other countries and regions in Europe, as well as worldwide, can establish the relative burden of cancer in Serbia. For that reason we compared the incidence and mortality ASR-Ws from the GLOBOCAN 2008 project [5] with the corresponding rates from Serbia in 2008. Site-specific cancer incidence and mortality ASR-Ws were extracted from the Serbian cancer registries and from GLOBOCAN 2008 for the European countries with the highest and lowest incidence/mortality, all European regions (Southern, Central-eastern, Western and Northern), and the world in total. It should be noted that according to the regional division in GLOBOCAN 2008, Serbia belonged to the countries of Southern Europe [17] . Table 2 presents the number of new cases and the incidence rates for the ten most common cancer sites as well as for all cancer sites combined from 1999 to 2009. In 1999 there were 26,121 incident cancer cases in Serbia (ASR-W: 209.9/100,000, ASR-W in men: 228.9/ 100,000, ASR-W in women: 197.5/100,000), while this increased to 36,308 newly diagnosed with cancer in 2009 (ASR-W: 277.2/100,000, ASR-W in men: 307.2/100,000, ASR-W in women: 256.4/100,000). For men, lung cancer had the highest incidence rate varying from ASR-W 55.5/100,000 in 1999 to ASR-W 70.8/100,000 in 2009. This was followed by the incidence of colorectal (ASR-W 1999-2009: 27.5/100,000-39.9/100,000), prostate (ASR-W 1999-2009: 12.2/100,000-29.5/100,000) and bladder cancer (ASR-W 1999-2009: 11.7/100,000-16.2/100,000). Among women the most frequently observed cancer in 2009 was breast (ASR-W 1999-2009: 51.5/100,000-70.8/100,000), followed by cervical (ASR-W 1999-2009: 22.7/100,000-25.5/ 100,000), colorectal (ASR-W 1999-2009: 16.4/100,000-21.1/100,000) and lung cancer (ASR-W 1999-2009: 12.0/ 100,000-19.4/100,000). Table 3 presents the mortality rates and the number of fatal cases, from 1999 to 2009, for the ten most common cancer sites and for all sites combined. In Serbia 1999, 17,375 people died from cancer (ASR-W: 129.6/100,000, ASR-W in men: 163.2/100,000, ASR-W in women: 102.7/100,000) while the number inclined to 21,069 cancer deaths in 2009 (ASR-W: 143.8/100,000, ASR-W in men: 181.1/100,000, ASR-W in women: 113.8/100,000). The highest mortality rate for men was observed for lung cancer (ASR-W 1999-2009: 48.5/100,000-58.0/ 100,000) followed by colorectal (ASR-W 1999-2009: 17.8/100,000-21.9/100,000), stomach (ASR-W 1999-2009: 12/100,000-10.8/100,000) and prostate cancer (ASR-W 1999-2009: 9.1/100,000-11.5/100,000). In women, the highest mortality rates were attributed to breast (ASR-W 1999-2009: 22.3/100,000-22.5/100,000), lung (ASR-W 1999-2009: 10.0-16.7/100,000), colorectal (ASR-W 1999-2009: 10.4/100,000-12.0/100,000) and cervical cancer (ASR-W 1999-2009: 7.4/100,000-7.2/100,000). Figure 1 presents the overall ASR-W cancer incidence and mortality for men and women from 1999 to 2009 (solid lines). In addition, predictions until 2014 for overall cancer incidence and mortality are presented (dotted lines). An increasing time trend can be observed for cancer incidence and mortality in both genders. In particular, linear regressions of time on the log of mortality and incidence revealed that, in men, incidence and mortality ASR-Ws increased by 2.5% (P = 0.004) and 1% (P < 0.001) per year, respectively. For women, the incidence ASR-W was estimated to be increasing by 2.22% per year, although this increase was not statistically significant (P = 0.067). The cancer mortality rate for women was found to be significantly increasing by 1% (p < 0.001) per year. Figure 2 presents the time trend for cancer incidence and mortality rates for the four main cancer sites in men and women from 1999 to 2009 as well as incidence and mortality rates' predictions from 2010 to 2014. Linear regressions of time on incidence revealed that in both genders all cancer sites analysed showed a positive trend over time. In men, the incidence of prostate cancer has been increasing with 1.948/100,000 (P < 0.001) per year, faster than any other cancer analysed in the male population. A significant increase was also observed for the incidence ASR-W of colorectal cancer with approximately 1.084/100,000 (P = 0.013). In women, breast cancer showed the highest increase in incidence with an additional ASR-W of 3.065/100,000 (P = 0.034) every year. In the analysis of mortality ASR-Ws, colorectal cancer in men and lung cancer in women were estimated to have the most significant increase over time: 0.42/100,000 (P = 0.036) and 0.626/100,000 (P < 0.001) per year, respectively. 
Results
Predictions and trends
Discussion
This study presents, for the first time, nation-wide data on incidence and mortality from cancer in Serbia over the last decade and a comparison with European and world figures. The main findings of this study are the significant increase of overall cancer incidence and mortality within the observed period in Serbia as well as the alarmingly high mortality rates of Serbia compared to the rest of Europe. Per-site comparison of incidence and mortality with respective European estimates identified four cancer sites that should attract serious attention. In 2008, Serbia was the country with the highest mortality due to breast cancer in Europe, while incidence of cervical cancer was only slightly lower than the highest European rate, recorded in Romania. In the male population of Serbia, incidence and mortality rates of lung and colorectal cancers, although not the highest in Europe, were well above average estimates. Oppositely, the only rate within the comparison found to be lower in Serbia was prostate cancer incidence.
The comparatively high levels of cancer incidence observed can, to a large extent, be attributed to the prevalence of cancer risk factors. For instance, tobacco and alcohol consumption have a well-established association with increased risk of several cancer types [18, 19] . These health hazards are reported as excessively present in contemporary Serbia, where half of all men and one third of all women actively smoke [20] , while 40% of the total population consumes alcohol occasionally or on everyday basis [21] . Moreover, risk factors for cancer such as lack of physical activity and obesity [22, 23] are also largely present among the Serbian population. In particular, in a representative sample of Serbian adults only a 10% was found to be engaged to a daily physical activity and about 55% were overweight [24] . Although some action in controlling risk factors in the population have been introduced by the Serbian health care system, as for example the creation of a legislation framework for tobacco control [20] , more effort towards risk-factor reductions is needed. Finally, the country is still in an economic transition which influences the people's lifestyle and, as reported, might have negative effect on trends in cancer epidemiology [25] .
In addition to this high level of incidence in comparison to the rest of Europe, Serbia is confronted with an even higher relative mortality rate. Since it is known that cancer survival declines with the increase of mortality/ incidence ratio [26] , cancer survival in Serbia might be poorer than in other European countries/regions. Furthermore, this could also be a sign of delayed cancer diagnosis, which is the main differentiating factor for survival in several cancer types [27] . Lack of screening methods that can facilitate early cancer detection is one of the reasons behind this high relative mortality. Particularly, the opportunistic screening methods available usually do not target the general population, or at least the population at risk. For example, planning of an organized, cytology-based screening for cervical cancer started more than a decade ago [28] , yet it still remains on the level of an opportunistic program with high coverage in younger and quite low coverage in elderly women [29] . The implementation of screening programs such as cytology-based screening or mammography could facilitate early detection in cervical and breast cancer respectively and thereby positively impact survival [30, 31] . Additionally, improvement in survival after colorectal cancer would be possible through the application of a fecal occult blood test [32] . Hence, prevention and early diagnosis could improve survival and decrease cancer mortality in Serbia.
The trend of incidence of breast cancer in Serbia largely follows the increasing incidence pattern that is currently observed in the rest of the European countries [33] . One reason behind such increase in Serbia is the recent implementation of opportunistic mammography screening [34] . However, breast cancer mortality in Serbia has so far remained constant in contrast to the decreasing trend observed in breast cancer mortality throughout Europe and especially in the northern and western European countries [35] . Since the decrease of breast cancer mortality in Europe has been mainly attributed to advancements in therapy [35] , it could be argued that the absence of similar trend in Serbia is caused by delays in the adoption of new treatment alternatives. In men, although prostate cancer incidence in Serbia still remains generally low compared to the rest of Europe, the steep increase of the incidence might be attributed to both lifestyle changes as well as to more widespread use of prostate specific antigen (PSA) testing [36] .
Prior epidemiological studies that were conducted for Serbia mainly focused on specific cancer sites. Most of them pinpointed the increasing cancer incidence and mortality [7] [8] [9] 28, 37] . More specifically, high cervical cancer incidence relative to other European countries was noted already at the beginning of the last decade [28, 37] , the insufficiency of screening utilization was identified as the main cause for this excess in incidence. Increasing trends in breast and lung cancer in Vojvodina were observed in the periods from 1987 until 2001 and from 1996 until 2005, respectively [7, 8] . Finally, one study estimated the burden of several cancers in Serbia relative to that in Europe for the year 2000 [9] . This study relied on local data from both cancer registries of Serbia and identified the considerably higher burden of the disease in Serbia.
Our study is also confronted with a number of limitations. A major limitation is the absence of nation-wide cancer survival and prevalence data. Survival and prevalence estimates are typically included in nation-wide cancer epidemiology studies, yet this information is not available for Serbia. Such estimates would require frequent follow up on patient cohorts, something that, due to financial constraints, would be nearly impossible in Serbia nowadays. Moreover, comparisons across Europe were done only with the countries that had the highest and lowest incidence and mortality rates, in order to gain insight on the magnitude of a certain ASR-W in Europe. Additionally, the lack of age-specific cancer incidence and mortality estimates from GLOBOCAN 2008 did not permit a formal statistical comparison between the ASR-Ws of Serbia and the other European regions and countries. In a more detailed analysis, presentation of age-specific cancer evidence from a larger number of European countries could give more precisely the relative position of Serbia with respect to its cancer epidemiology.
Conclusion
Incidence and mortality of all cancer sites combined in Serbia have shown a steady increase in the first decade of their systematic reporting. Overall mortality rates in both genders appear markedly high relative to European/ global estimates. Site-specific comparison revealed alarmingly high rates for four cancer locations: breast and cervical cancer in women and lung and colorectal cancer in men. In light of these findings, we believe that better control of known risk factors should lead to positive change in Serbian cancer epidemiology. Furthermore, prevention and early diagnosis, especially of breast and cervical cancers, seem to be the areas where significant improvements still could be made.
